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TheAnteriorCruciateLigament(ACL) hasbeenstudiedinmanydifferentways
overthepastfewyears.It isofsuchinterestthatit iseasytofindinformationaboutit.
TheACL hasbecomeinjuredmorewiththeincreaseinsportsparticipationnotonlywith
femaleathletesbutalsowithmaleathletes.As sportscontinuetobecomemoreandmore
demandingforathletes,theincreaseof all typesof injuriesarelikelytooccur.Athletes
nowhavetoparticipateinonesporthroughouttheentireyearinordertohaveachance
toplaysportsatsomehighschools.As thisdemandcontinues,thelikelihoodof injuryto
theACL alsoincreases.
An areaof greatinterestomanydifferentindividualshasbeenthefemale
athletesincreasedinjuryofatearoftheACL. Manydifferentreasonshavebeen
suggestedforthisincludingbothintrinsicandextrinsicfactors.In thisreviewof
differentarticles,allfactorsandpossibilitieswill beexplainedalongwithwhatheACL
doesexactly.
Aswithanyinjury,therecoverytimeisnotwellreceivedbyanindividual.It is
evenmoreunpleasantfor anathletebecauseof thepossibilityof amissedseasonor
possiblyacareerendinginjury.EventhoughanACL tearisnormallynotcareerending,
it canstillaffectanathletegreatly.It takesalotofphysicalandmentalstrengthforan
athletetoimproveafteraninjury.WiththeACL tearbecauseit ismorecommon,the
treatmentof it isbecomingbetterunderstoodalongwiththerecoveryandprocedureare
becomingmoreefficient.
TheACL isaligamentwhosemainpurposeistopreventanteriortranslationof
thekneealongwithpreventionofhyperextension,resistanceofintemalrotationofthe
tibia,andassistswithstabilizationof varusandvalgusstresses(Dorizas& Stanitski,
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2003,pp.356).ThelengthoftheACL variesfrom25to35mmlong,7to12mmwide,
and4to7mmthick(Griffin,2001,pp.507). TheACL hastwobundlesoffibersthat
startattheposterolateralfemoralcondyleandcrossthenotchofthecenterofthekneeto
endattheanteriormedialtibia(Griffin,2001,pp.507).
Them;linmechanismof injurytotheACL beingtornis usuallynon-contact
involvement.Whenithappensthough,it ismostoftenincontactsports.Thesesportsare
volleyball,football,soccer,andbasketball.Thereasonforthisdifferenceinthetypeof
sportandhowithappensinvolvestheactivitiesdoneineachsport.Withthesesports,
thereisusuallyarapidchangeofdirectionorlandingformajumpinvolved.Themost
frequentwaythatheACL istornistheathletehasaplantedfootwiththekneeinan
almostextendedposition(sometimeshyper-extended)(Griffin,2001,pp.508).An
exampleisthefootisplantedforapivotandthentheathletecutsquicklyresultinginan
increasedrotationattheknee.Thetibiaisgenerallyrotatedtowardtheinsideormid-line
ofthebodywhilethekneeisflexedgreaterthan90°(Griffin,2001,pp.508).
Aftertheinjuryhashappened,manyotherfactorshavetobeexaminedtomake
suretheACL istorn.TheindividualtypicalreportsuponinjurytheACL, thatheperson
felta"pop"followedbythathatwill decreasewithtime,effusion,andnotbeingableto
fullyextendtheleg(Griffin,2001,pp.509).Someotherfactorsthatareimportantto
evaluateforcomparisonlateronandtoalsounderstandhowtheinjuryaffectsthe
individualinclude:jointlinetenderness,quadricepsdefinition(dependingonhowsoon
afterinjurytheexaminationoccurs),patellarinstability,rangeof motion,kneealignment,
andambulation(Dorizas& Stanitski,2003,pp.359).
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Beforeusinganytypeof diagnostictesting,aphysiciancanperfonnspecialtests
toassesstheligament.ThosespecialteststhatarespecificforACL tearsareLachman's,
anteriordrawer,andpivotshifttest.Withoutapositiveendpointestablishedwiththese
tests,thedegreeoftheACL tearcanbedetennined.Someotherteststhataregenerally
donewithexaminationarevalgusandvarusstresstest(testthelateralcollateraligament
andmedialcollateralligamentrespectively)alongwiththeposteriordrawer(testhe
posteriorcruciateligament)(Dorizas& Stanitski,2003,pp.359). For diagnostictesting,
aMagneticResonanceImage(MRI)hastobedonetobeabletoseethetomACL along
withanyotherdamagetotheknee.
An individualwhohasanACL tearcanhavetwooptions.Theindividualcan
choosetohaveornothavesurgery.Beforesurgeryisperfonned,theindividualhasto
haveminimaleffusion,minimalpain,andtherangeofmotionhastobeclosetofull. If
thesethingshavebeenachieved,thereisanincreaserateofrecovery.Thesurgical
procedurehasadvanceddramaticallyovertheyearswithveryhighsuccessrate.There
arethreetypesofgraftchoicesusedforanACL reconstruction.Thefirsttypeandmost
commonlyusedwithathletebecauseofthehigherdemandonthebodyisthepatellar
tendongraft.Thisgraftisusedmoresincetherearebonyendplugsthatcanbeinserted
intothefemoralcondyleandtibiathatwill growandbecomepartofthebone.Thenext
typeofgraftchoiceisthesemitendinosusandsemimembranosusormedialhamstring
graft.Thisgraftis lesslikelytobeusedforanathletebecauseittendsnottobeastight
inthekneeasthepatellartendongraft.Thefinaltypeofgraftchoiceisacadaver
allograft.AnACL ofacadaverisusedwithincreasedlikelihoodofcomplicationssuch
asinfectionorrejectionbythebodybecauseit canbedetectedasa foreignbody.
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An individualchoosingnottohavesurgericalinterventioncouldbebecauseof
activitylevelorthematurityleveltheindividualiscurrentlyintheperson'slife. Ifthe
individualisstillquiteyoungandwillbegrowing,thenit issometimesbestowaitfor
theindividualtogrowtotheperson'salmostfullpotential.Withthenon-operative
individual,arehabilitationprogramstill couldbebeneficialtomakesurethepersonhas
enoughstrength,rangeofmotion,balance-and-coordination,andfunctionalctivitylevel
forlow-tomod-impactactivities(Dorizas& Stanitski,2003,pp.360).
ThepossiblefactorsleadinguptoanincreasedlikelihoodofanACL tearfor
femaleshasbeenstudiedatlength.Asmentionedpreviously,therearebothextrinsic
factors,intrinsicfactors,andacombinationofboth.Someintrinsicfactorsarealignment
ofhiptofoot,laxity,hyperextension,ACL size,femoralnotchsizeandshape,hormonal
changes,inheritedskills,andcoordination(Ireland,2003,pp.639).Thefactorsthatcan
bechangedinclude:strength,conditioning,shoes,andmotivation.A combinationof
bothfactorsisanindividual'sabilitytobecomemoreskilled,neuromuscular
coordination,orderoffiringofmuscles,andproprioception(Ireland,2003,pp.639).
Theintrinsicfactorshavehadmoredatacollectedonthembecauseofthefactthat
theyaremoreeasilymeasured.Thealignmentofthebodyhasasafepositionwith
decreasedchanceof injuryespeciallyoftheACL. Thesafepositionhasmuscleactivity
ofthehipmusclesutilizingtheextensors,abductors,andgluteals,thekneemusclesare
usingtheflexorsandhamstrings,whilethetibialrotationispreventedwiththeplantar
flexors,thegastrocnemius,andposteriortibialisbeingrecruitedtofire.Theunsafe
positionhasthemusclescompletelyoppositeofthesafewiththehipmuscleactivity
comingfromtheflexors,adductors,iliopsoas,thekneeutilizingtheextensorsand
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quadriceps,andthetibialrotationiscreatedfromthedorsi-flexors,peroneals,andtibial
anteriormusclesfiring(Ireland,2003,pp.640).
Thebodyalignmentfortheunsafeandsafepositionuponlandingfromajumpare
completelyoppositefromeachotheraswasthemuscleactivity.Forasafelanding,the
backshouldbeinnormallordosis,thehipsareflexed,neutralabductionandadduction,
andneutralrotation,thekneeshouldbeflexed,therotationofthetibiais inneutral,both
feetshouldbeincontrol,andthepersonisbalanced.Theunsafelandingpositionstarts
inthebackwiththespineinforwardflexionandrotatedtotheoppositesideofthebody,
thehipsareinadductionandinternallyrotated,thekneesarelessflexedandhavevalgus
alignment,thetibiarotationisexternal,andthelandingisunbalancedwithtonefootout
of control(Ireland,2003,pp.640).(SeeAppendix,Figure1)
A femaleathletehasbeenknowntoincreaselaxityinherligaments,butthe
findingsforlaxityvarywitheachnewtypeofresearchdone.Onestudydoneinthe
1970'sfoundthatmalefootballplayersareatanincreasedrateofkneeligamenttears
thathadloosenessintheknee(Harmon& Ireland,2000,pp.288).Withthesefindings,it
ledresearcherstoexplorethepossibilityofthelaxity,butwithfurtherstudies,the
correlationof injurytolaxitywasn'tfound.Thereisastrongfindingof femalestobe
morelaxthanmalesthough(Harmon& Ireland,2000,pp.289).
An anteriortranslationstresstestisperformedtodeterminehowtheanteriortibia
movesinrelationtothelowerextremitymusclemovement,meaninghowtheboneofthe
lowerlegmovesforwardorbackwardswithwalking(Huston,1996,para.6). This
procedureisdonetotestforjointstabilityoftheACL. Thestudiesdonewiththistypeof
testingwereindicativeof increasedlaxityforwomenespeciallywithbasketballand
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soccerplayers.Onestudydonewith100subjectswasfoundtohavethefemalewith
ACL injuriestohavemoretranslationofthetibiaversuswomenwithnormalknees
(Harmon& Ireland,2000,pp.289).Also,laxityhasbeenlinkedtoanincreasewith
exercise.Therefore,femaleathleteshavebeenlinkedtoincreasedlaxityversusmales
withthestudyofanterior-posteriortranslation.Alongwithtranslationisjoint
proprioception,thisisdecreasedalsowithincreasedlaxityleadingtoanincreasedriskof
injury(Ireland,2002,pp.646).
ThesizeoftheACL isrelatedtothefemoralnotchsizeandshape.Notchwidth
indexiscalculatedbyaratioofthefemoralintercondylarnotchtodistancebetweenthe
femoralcondyles(Harmon& Ireland,2000,pp.293).Thefemoralnotchhasbeenrelated
toincreasedACL injuriesthathavebeenfoundtobenotdependantongender.An ACL
thatissmallerusualisinasmallernotchthathasanincreasedchanceofbeingimpinged
orincreasedforcesfromrotationalstress(Harmon& Ireland,2000,pp.293).Thewidth
oftheACL tendsnottocorrelatewiththenotchsizethereforeasmallernotchdidn't
relatetoathinnerACL (Ireland,2002,pp645).Femaleswerefoundtohavesmaller
ACL thanmalesevenwithbodyweightbeingfactoredintothefindings.Also,females
havenarrowerfemursandnotchescomparedtomaleswithallheightsofsubjectsbeing
measured.Withallthesefindings,anyindividualwhohasasmallerfemoralnotchis
projectedtohaveanincreasedriskforinjurytotheACL. IN comparison,anotherstudy
concludedthatheACL wassmallerinfemalesthanmales,buttherewasn'tany
statisticaldifferencebetweenthefemoralnotchwidth(Ireland,2002,pp.646).
Biomechanicallignmentplaysaverylargeroleinfemaleinjuriesincludingthe
ACL. Femalesareknowntohavewiderhips,increasedfemoralanterversion,shorter
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femoralength,greaterQ angles,moreexternaltibialtorsion,largeramountof
overpronation,anda greaterthigh-footanglecomparedtomales(Harmon& Ireland,
2000,pp.292).(SeeAppendix,Figure2) Insomestudiesthatweredone,Q angleand
femoralanterversionwerefoundtohavenocorrelationtoACL injuries,buttherewas
foundtobeanincreasein ACL injurieswithincreasedthigh-footangle.As anindividual
forbothgendersgrows,thelower-to-upperbodysegmentis ratiois greaterforthelower
body. Therefore,it couldmaketheindividualhavelesscontrolof kneemovement
leadingtopatellofemoraldisordersoranACL tear(Ireland,2002,pp.644). With these
findings,it isundeterminedif anatomicaldifferencesreallyhaveanysignificanteffecton
ACL injuries.
HormonalchangeshavebeenthemostexpandedareaofstudydoneonACL
injuriesinfemales,andatthesametime,it isoneofthehardesttomeasurebecauseofall
thevariablesinvolved.Mostofthetimewhenthedataiscollectedforthisfactor,it is
quiteawhileaftertheinjury.Sinceit isnotdonerightaway,manyfemalesforgetwhen
theirmenstrualcycleswere.Therehavebeennotruefindingsthathormonesareafactor
inACL injurieswithfemales,butsomefindingsuggestanincreasein injuryduringa
certaintimeofthemenstrualcycle.Inthestudiesdone,ACL injuriesaredocumentedto
increaseintheovulatoryphase(Ireland,2002,pp.643).Femaleswhotakeoral
contraceptivesseemtohaveadecreasedincidenceofACL tearsduringthatsamephase.
ThefollicularstageisreportedtohavedecreasedrateofACL injurieswithonestudy
whileanotherfoundanincreasedrateofACL injurieswithoneweekbeforemensesand
justaftermenses(Ireland,2002,pp.643). Thehormonaleffectvarieswitheachstudy,
butestrogenhasthestrongesteffect.Whenestrogenis greaterthannormal,the
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productionoffibroblastsandcollagenisdecreasedthereforeaffectingtheligament
(Ireland,2002,pp.644).Collagenotonlyaffectstheligament,butotherstructuresof
thebodyincludingmuscleandtendons.Theeffectonthesestructuresleadsto
psychologicaleffectsofreactiontimes,firingofmusclesefficiently,andlevelofplaying
aggression(Ireland,2002,pp.644).
Inheritedskillsandcoordinationinvolveneuromuscularactivity.Femaleshave
beenfoundtobelesseffectivewithstiffeningtheirknees(Ireland,2002,pp.646). When
themusclesareproperlycontractedandrelaxed,thereislessmovementofthekneejoint
andadecreasedchanceof injurytotheknee.Femalestendnottocontracttheirmuscles
totheextentofmalesandusuallyhaveweakerhamstrings.Whenperformingatestof
anterior-posteriortranslation,thequadricepswereinitiallyrecruitedtopreventanterior
tibialtranslationforinitialkneestabilizationi steadofthehamstrings.
Femalescomparedtomalesformusclefatigueonanteriortibialtranslation
exhibitedanincreasedtibialdisplacement.Withtheseresults,it isconcludedthatfatigue
isveryinstrumentalinkneeinjuriesandonphysicaldemandingsports.Themusclesthat
areusedtopreventthetranslationarerecruitedinthesameorderaswhennotfatigued,
butthereisstillanincreaseinanteriortibialtranslation(Ireland,2002,pp.646).Inone
groupthatdidagilitytypeexercises,thereactiontimesofthemusclesimprovedalong
withthemusclesthathelptocontrolthetibialtranslation.Whenfemalesperformed
runningcross-cuttingandside-cuttingcomparedwithmales,thefemaleshadatendency
touselesskneeflexion,lesshipflexion,morekneevalgus,andlesshamstringactivation
(Ireland,2002,pp.646).Femalesthatwereelitehadahigherdispositiontofireoffthe
quadricepsfirstwithoutfully activatingthehamstringsversuscollegiatefemalesand
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malesandelitemales.Therefore,thisfiringcouldcontributeoACL failureduetothe
tibialanteriorlytranslating.In relationtothequadricepsfiringexcessively,thisincreased
contractionwheninalmostfullextensionoverdoescomesthetensilestrengthofthe
ACL.
Withalltheintrinsicfactorsthatoccur,thereisalwaysthepossibilityofaninjury
ofanytypetotheknee.TheACL hasbeenthemoststudiedbecauseofthehighriskof
injury.Thefactorsvarygreatlywithhowthefemaleisbiomechanicallybuiltandwhat
typeof sportheindividualisplayinginalongwiththetrainingforthatsport.Intrinsic
factorscannotbealtered,andwiththestudiesdone,thereisacombinationofboth
intrinsicandextrinsicfactorsespeciallywhendealingwithneuromuscularrelationships.
Extrinsicfactorshavenotbeenfocusedonasmuchasintrinsic.Thereasonfor
thisismostlybecauseofthefactthatheycanbealteredtomaketheinjurylesslikelyto
occur.Thesefactorsarealsodependentontheindividual'sabilitytowantochange
whatheindividualwantstodoandnotonwhatheindividualinheritedin life.
Thefirstextrinsicfactorthatcanalterhowtheindividuallandsisstrength.As
mentionedwiththeneuromuscularfunction,thequadricepsarestrongerinfemalesthan
thehamstring.Sincethequadricepsmusclesfireoff first,thegoalwouldbetostrengthen
thehamstringtoproduceadifferentrecruitmentpatterntopreventinjuryandanterior
translationofthetibia.Thisisextremelyimportantsincehamstringactivationis
protectiveoftheACL (Harmon& Ireland,2000,pp.295).Themuscleactivationduring
landingforfemalesistheoneofthebiggestcontributorstoACL injuries.
Conditioningisalsorelatedtostrengthbecauseofthefactthatofmusclefiring
patternsalongwithmuscleendurance.If anathleteisn'tconditioned,thereis the
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increasedriskoffatigueleadingtoincreasedinjurysincethejointstabilityisaffected.
Therehasbeennoevidencethatreportsfemalesarelessconditionedthanmaleathletes,
butthefactremainsthatwithbothgendersif fatigueispresenttheinjuryriskincreases.
TherelationshipbetweenshoesandACL injuriesiscontinuingtobestudiedfor
thefactthatitvarieswitheachsport.Shoefrictionalcontactchangesoneverysurface
andvarieswiththeweatherconditions.Therehasbeenevidencethatincreasedfriction
oftheshoetosurfacecontactleadstoincreasedinjurybecauseofthedecreased
possibilityofagivewhenpivoting.SincealotofACL injuriesarenon-contact,theshoe
tosurfacefrictioncouldbealargercontributorthanpreviouslysuggested.It isalsoone
factorthatcanbechangedveryeasily.
Motivationforanathletetowantoplayasportisalwaysacontributingfactorto
manydifferentthings.Playinganysportnotonlyinvolvesaphysicalchallenge,butit
alsoinvolvesapsychologicalchallenge.If anathletedoesn'twanttoparticipate,the
athletehasadecreasedchanceofwantingtoperformcorrectly.If theathleteisn'tplaying
totheathlete'sfullpotential,theriskof injuryincreases.Thisisbecauseofnotpaying
attention,playingincorrectly,andotherthingsthatheathletedoesincorrectly.
Psychologicallytheathletewantstodowellinordertoplaybetterandpreventinjuries
thatneednotoccur.
Preventionisthekeytoanyinjury.ACL tearsarealwaysgoingtooccurwiththe
highdemandthatisplacedonathletesatthiscurrenttimeinoursociety.Somethings
canbedonetopreventthechanceofACL tears.A newtrainingmethodthathasshown
tohavegreatsuccessi plyometrictrainingbecauseitconcentratesonlandingtechnique
to increasetheawarenessof situationsthatputanindividualatrisk foranACL injury
11
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.(Harmon& Ireland,2000,pp.296).It alsohelpstoimprovehamstringtoquadriceps
ratiowithconcentrationincreasinghamstringactivation.Inonestudydone
comparingfemaleswhowenthoughtheACL preventiontrainingandthosewhodidn't,
itwasfoundthatheACL preventiontrainedfemaleshadalowerrateofkneeinjuries
(Harmon& Ireland,2000,pp.296).
ACL tearscanneverbetotallyprevented.It is importantforindividual'sto
understandthatcertainthingscanbedonetohelpminimizetheriskoftheinjury
occurring.Thiscanbedonebyalteringtheextrinsicfactororbyperformingaprevention
program.Intrinsicfactorsarenotaseasytorecognizebecausesomehavetobedone
withspecialtesthataren'talwaysdoneuntilaftertheinjurysuchashormonalchanges.
Aswithanyinjury,theresearchwill continuetobealteredasmorepreventative
measuresaredonebesidestrainingtechniquesandbracing.
Femaleathleteshavecontinuedtoprogressin all sports,andtheywill continueto
progressandbechallenged.Withcontinuedresearch,thesechallengedcanbemet
becauseof thepreventionthatcanbedoneto decreasetheriskof injury. TheACL is a
ligament,andwithall ligaments,thereisalwaysariskofdamage.Themotivationfor
femaleathletestoimprovewillpushthelimittohowmuchthebodywill dotopreventan
ACL injuryITomoccurring.Thecontinuedprogressof surgicalrepairshasbeenandwill
continuetobeveryinstrumentalintheprogressofACL research.
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